The aging of our population means the incidence of cognitive impairment will continue to rise over the next decades, bringing urgency to our obligation to unravel this condition's complex pathophysiology. The prevailing conception about diseases such as Alzheimer dementia, stroke, and frontal temporal dementia is that progressive cognitive dysfunction, once identified, is an irreversible process, leading inexorably to a state of total dependence, and to family and societal burden. Any advance in our knowledge, including the prospect that cognitive decline may have a potentially treatable pathophysiology, creates some light in an otherwise apparently dark tunnel.
In this issue of Neurology ® , Balestrini et al. 1 present a study that sought to determine whether severe carotid stenosis associated with hemodynamic impairment increases the risk of cognitive decline in otherwise asymptomatic subjects. Patients with unilateral carotid stenosis $70% without a clinical history of stroke, TIA, heart failure, prior disability, treated dementia, or baseline Mini-Mental State Examination (MMSE) score #25 were enrolled. After exclusions, 210 participants with severe carotid stenosis and 109 without substantial carotid stenosis were administered the MMSE at baseline and then again at 36 months, along with measurement of cerebral vasomotor reactivity to hypercapnea using the breath-holding index (BHI). The study found that among the 60 participants with cognitive decline ($3 points on the MMSE), 52 had severe carotid stenosis, and of those, 45 had ipsilateral impaired BHI (p , 0.001). Regression analysis controlling for other factors confirmed the relationship between cognitive impairment and severe stenosis, and further demonstrated that impaired BHI was associated with an increased incidence of cognitive deterioration. An important advance of this study is the longitudinal design, which provides the first evidence that hemodynamic failure is associated with a decline of cognitive function.
After the first report of a relationship between dementia and carotid stenosis by Fisher in 1951, 2 early carotid studies correlating stenosis with cognitive function showed inconsistent outcomes. 3 It has only been in the last decade that the relationship between cerebral hemodynamics and cognition has begun to be appreciated, most compellingly in studies of "asymptomatic" cases without stroke. 4 Recently published results from the baseline analysis of the Randomized Evaluation of Carotid Occlusion and Neurocognition (RECON) support this correlation as well. 5 Among 71 patients with complete clinical data and adequate PET imaging, increased oxygen extraction fraction ratio .1.13 was independently associated with cognitive impairment in the subset of patients with TIA as the qualifying event.
The findings of Balestrini et al. raise 2 important considerations-that these patients are not truly "asymptomatic," and that hemodynamically based cognitive impairment may be a reversible form of dementia. Support for the former assertion is becoming increasingly self-evident. Evidence for the latter hypothesis comes from demonstrations in which functional impairment is mitigated by correcting cerebral hypoperfusion. In the setting of acute stroke with large-vessel occlusion, reversal of regional hypoperfusion with medical or surgical intervention correlated better with resolution of aphasia and neglect than the diffusion-weighted imaging infarct volume. 6 Studies from our laboratory, also in the hyperacute setting, showed a reversibility of cognitive dysfunction during carotid balloon test occlusions. 7 In the subacute or chronic setting, carotid stenosis with hemispheric hypoperfusion may be associated with a reversible cortical reorganization, indicating an influence of the hypoperfusion on neuronal function in the absence of frank infarction. Using a simple motor task with fMRI, we showed that motor activation increased in the nonhypoperfused hemisphere, and then returned to normal once the opposite carotid was recanalized and normal perfusion in the other hemisphere was restored. 8, 9 Taken together, these studies suggest that high-grade carotid stenosis does more than just confer increased stroke risk; it alters the neuronal environment in the hypoperfused hemisphere in measurable ways. cognitive decline, some important questions remain. First, is there a linear relationship between hemodynamic failure and cognitive decline, or is it a threshold effect? Elucidating this question would help inform timing of treatment decisions. Second, how do we explain the 30% of subjects who had impaired BHI but no cognitive deterioration? Is hypoperfusion in this population a necessary but not sufficient condition to cause cognitive decline? Might there be another marker that defines a susceptible subset of carotid patients, such as Alzheimer pathology, genetic susceptibility, or cortical thinning? Indeed, we found that patients with recent TIA and normal diffusion imaging had a temporary recurrence of their neurologic deficits following the administration of the GABA A agonist midazolam days after the event, 10 suggesting there was a lasting pathologic effect of what appeared to be a transient ischemia.
The results of this study advance our understanding of chronic cerebral perfusion failure in "asymptomatic" carotid stenosis. The study also makes us appreciate further that cognition may be a more sensitive index of brain integrity than those physical functions more typically measured in studies of cerebrovascular disease. 
